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ABOTRACCT

The program effort reported here is concerned with the design and develop-
ment of a broadband, compact, omnidirectional airborne antenna in the H-F
communications range (2 to 30 Mc). The anterna will be used on several U. S.
Army aircraft, both fixed and rotary wing.

The antenna element configuration reported here is a loop-type structure
intended to induce currents on the airframe for a predominantly vertical polar-
ized system.

All work on the 1/5-scale exploratory development model antennas has been
completed. Impedance, pattern and relative gain measurements have been thor-
oughly investigated. The selected element configuration for the H-F Compact
Antenna is a 2-turn grounded loop.

During this interval, the major effort was spent on the gain measurements
of 1/5-scale antennas relative to a 3-ft monopole. An element size reduction
to a 2-turn loop from an original 4-turn loop was justified from the measured
gain data.

The application of ferrite to the H-F antenna has been considered.

Mecý-ured field strength of a matched transmitting coil, with and without
ferrite material, is presented.

A full-scale breadboard model antenna of the 2-turn loop was fabricated.
Preliminary impedance tests were made, and a successful marriage, power test.

with the automatic tuner was performed at the Unibvac faccility.

The test plans for the 1/5-scale exploratory and the full-scale advanced de-
velopment models were written and delivered during this period.
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The ct13ject of the Investigation is to arriv - at the design of a coupling ele-
rnen-t Wh!ih may be eXtft-nally rnoun~ed on an aircraft in such a fashion that
substatijalt. ii- F current flow will be induced on the structure. Tnus, the air-
crafft serves as the antenna; the ccupler itself is much too smnall to possess

go~ raiaton haactrisicsinthe frequencyrag nd csieto.

Iheadvntges'tobederived from this approach, as compared to existing
R-Fair'raf atenasarethefollowing:

() Smnal size. The rmajor constraint specified for this antenna, or
coupler * is that the ma.ximnumn dimension must not exceed 2 ft.

(2'~Minr abuctral odiicaton.Excluding the trailing wire antenna,
t.'e other types in use are:

(a) Electrical (probe, tail cap, wing cap)

Kb agnetic (notch)

Both of Vinese involve substantial structural modification, and the
ant&'- eazananoi be .ýeparatedl from the particular aircraft for which
it vi-as %designed.

(3) General applicabilitiit. This antenua is to be externally mounted,
in contrast to the types mentionae- above, and, thereffore, may be
used on a variety of aircraft.

These adiantages are not to he realized without some sacrifice in electrical
properties, T11he coupling to the aircraft will not be as good, in general, as
that realized by a Alarger, probe or notch, for example, specifically -,esigned
for a given aircraft. For be-at coupling, the electric typc mnust be located in Lie
-region of a vol-ta-ge ma.xdinum, corr-espondling to the airframe extremities.
Conversely, the magnetic type mnust be located near a current maximrum, which
requires that. it not be installed at the ends of the air-craft structure. The mag-

netic typTe was chosen since it- afforded more flexibility in location, according
to the above remarks, and also since voltage breakdown pro~blems are reduced
by its use, Hight current problems are involved, inatead, which must be accom-
modated in the ulftiriate designn.
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Element Configurations

D•ring the period, one additional antenna configuration was r'udied. A 1/5-
scale 21--turn coil, sha-p2edinto a half-turn grounded loop, is shown in Fig. 1.
The primary intent with this configuration was to minimize the drag for a tail
installation (preferred location). Pattern measurements indicated good azimuth
plane coverage, but still not as optimum as the 4-turn loop. Subsequent gain
measurements of this configuration indicated at least a 10-db degradation in
relative gain and it was therefore eliminated.

A 2-turn loop, shown in Fig. 2, is now the antenpa selected for the H-F
compact antenna. Formerly, the 4-turn loop was the chosen configuration: however,
calculated aerodynamic loads of greater than 100 lb would exist for a maximum
speed of 225 kn. Drag of l.ess than 50 lb for this same speed is anticipated
for the 2-turn loop. A full-scale breadboard model of the 2-turn loop is shown
in Fig. 3.

Impedance

All impedance measurements have been completed on the 1/5-scale explora-
tory development model antennas. No significant variations in the impedance
parameters were measured for the antenna mounted at the various fuselage
and tail locations.

A Smith Chart plot of the impedance characteristics of the 2-turn full-scale
breadboard model antenna is shown in Fig. 4. The antenna was mounted on a
small metal building, and the Boonton R-X Meter Model 250-A was used for these
measurements. At the low frequency end of the band, auxiliary shunt capacitors
are employed at the antenna terminals when the test instrument lacks adequate
capacity for tuning. Values of parallel resistance and parallel capacitance are
recorded at each frequency. An IBM 1620 computer is then used to reduce the
data to the series equivalent resistance and reactance components. The main
parameter desired from these impeiance rieasurements was the reactance at
2 MHz and, thus, the tuning requirement for the automatic tuner. At 2 MHz,
the shimt capacity required for tuning (the antenna is inductive) is approximately
3500 picofarads which is well within the automatic tuner capability of 4200 pico-
farads. The measured results show that the antenna reactance parameter is
inductive from 2 through 25 MHz and capacitive from 25 to 30 MHz. The plot
shown is representative of the reac'ance paran:eter only, since the antenna re-
lies on the aircraft itself for radiatioa resistan.-e, especially at the low frequen-
cies.
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P?19. 3. FaUl-Scale 2-Turn LOOP H-P Antemna
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Ferrite Inwestigation

It IhLs bee: shwn by Wheeler* that the radiation power factor of an inductor

operating as a small antenna is increased by increasing the relative permea-
bilitN of its core. Thus, it is of interest to consider this technique for the present

i aipp! Cat! III.

It should first be noted that the type of antenna under development involves

the radiating properties of the aircraft structure. The extent to which the air-

trairme ,i'- be coupled to the feedpoint determines the radiation resistance, and,

consequently, the radiat-'on power factor. For an antenia with a maximuw dimen-
.-k0, 01 2 ft. the radiation resistance will be extremely low at a wavelength of

500 ft-. s.cih that even if the core permeability were increased several times,

the result would still be small in comparison to ohmic losses in the antenna.-
tuner system. If currents are excited to any degree on a large extent of airframe,
however, the effentive antennq. size is thereby made substantially larger than 2
ft with a conrequent increase in effectivG radiation resistance. Therefore, any
means of increasing coupling to the airframe is a step in the right direction.

Currents are induced on the airframe by the changing magnetic field of the
inductor antenna. The magnetic field strength will be increased for the same
;.Irrent input by using a high permeability core in the antenna, thus, intensifying
the current flew on the airframe. Thus, in concept, this approach appears attrac-
tive.

The drawbacks to such a scheme are due to the weight and electrical losses
of the magmetic material. In the frequency range under consideration, ferrites
are the only materials which do not have prohibitive losses. A sample rod was
obtained for investigation from Trans-Tech, Inc., one of the leaders in this
field. The material recommended by them as best suited to our requirement
from the loss standpoint was a nickel-cobalt ferrite designated TT 2-101, which
has a curie temperature of 5850 C. With this material, there would obviously
be no loss of effectiveness due to heating. Ferrites are, however, temperature
sensitive and heating changes would cause detuning which would have to be cor-
rected by the automatic tuning system.

A coil was wrapped around the sample, and relative field strengths were
measured in the near field with and without the core sample. The power input
was held constant by matching the signal generator output to the two different
loads with the manual tuner designed for the exploratory development model
antenna. The results are shown in the following table.

* Weeler, H. A., "Fundamental Limitations of Small Antennas," Proc, IRE,

December 1947, pp 1479 to 1484.
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Relative Field Strength

Frequency (MHz) (With Core/Without Core) + db

19 +4.5

16 +3.0

17 *-4.8

18 +5.0

19 +4.0

20 +3.0
21 +3.6
22 -2.5

23 +3.0
24 +3.0
25 +3,1

26 +3.0

27 +2.8

28 +2.8

29 +3.0

30 +3.0

Insofar as weight is concerned, the specific density of TT-201 is 5.44 gm/cm .

In order to stay within the 10-lb antenna weight limitation, let us assume that half
of the weight could be assigned to ferrite. Five pounds of this material occupies
"a volume of 25.4 cu in. This is very small compared to the amount required for
"a 2-ft diameter inductor, so that the effect would be negligible even if there were
no losses.

On the basis of the above observations, it is concluded that ferrites have no
useful application in this particular antenna development, since the weight re-
quired for electrical improvement is prohibitive.

Gain Measurements

Relative gain measurements were performed at two locations of the 1/5-scale

Caribou aircraft. The 1/5-scale multiturn loop antenna gain was compared to
that of a 3-ft whip from 10 through 150 MHz. For the gain comparison tests,
the aircraft was mounted on a rotating turntable to maximize the received signal
strength. Thus, the measured gains reported here are for the best aircraft
orientation at the particular frequency of interest.

8



The measured results with the 4-turn grounded loop located atop the fuselage
and two orientations are shown in Fig. 5. Peaks in the data occur at 30 and 100
MHz which may be attributed to the physical dimensions of the aircraft model.
Gain variations of +2 to -14 db were measured from 10 through 150 MHz. The
measured results for two orientations of the 4-turn loop at the mid-tail location
of the Caribou are shown in Fig. 6. Gain variations are similar to those for
the fuselage location. A more definite orientation preference is noted here for
the loop element oriented parallel to the tail. This corresponds to the loop-axis
parallel to the tail.

Aerodynamic drag calculations on the 4-turn loop indicated lords of 133 lb
for speeds of 225 kn. These loads are almost prohibitive for a tail installation.
Additionai effort was made to reduce the antenna configuration size and drag
while not altering the electrical performance of the antenna. Gain measurements
were performed for a reduced height and reduced width (decreasing the number
of turns). The mncasured results shown in Fig. 7 indicate little degradation for
a 2-turn loop of reduced height. These results and a reduced drag of less than
40 lb merited an element size reduction. The full-scale equivalent dimensions
for the smaller element are shown in Fig. 8.

The hasic 2-turn loop H-F compact antcnna as envisioned at this time is
shown in Fig. 9. The overall dimensions wvl1 be 24 x 12 x 17-1/4 in. A fiber-
glass airfoil shell with foam-fill will enclose the vertical members of the loop
as shown for mechanical support and drag reduction. The base plate will be
flat and will require an adapter plate to facilitate installation to one of several
aircraft. The adapter plate will be used in order to maintain the universality
of installation. One end of the loop is grounded to the base plate which provides
the elements own ground path while the other end protrudes through the base
plate and insulator for connection to the automatic tuner.

Automatic Tuner

The Univac automatic tuner fabrication has been completed and acceptance
tests performed at their facility in St. Paul, Minnesota. The Martin 2-turn
loop breadboard model and a simulated H-F antenna load by Univac were used
for these tests. The tuner performed exceptionally well at all frequencies
from 2 to 30 MHz. A matched condition (VSWR 1. 6:1) was verified throughout
this frequency range. Most of the measurements were performed at 100 w CW
input power. At 2 and 30 MHz. the automatic tuner and breadboard antenna
were subjected to 400 w CW with no apparent degradation in performance. Some
slight heating of 200 to 400 C above ambient temperature was noted at 30 MHz
for a continuous power application cf about 1-min duration. One significant
point in these tests is that the breadboard antenna was tuned out while attached
only to a metal bench which provided a poor mockup for a simulated aircraft.
Measured output current of 33 amr. was noted at 5 MHz while a gradual decrease

9



tn 1 nimn at 30I MHz was noted for .,Mlw Uowe. At-requenvies from
2 to 4 MHz, the current was not measured due to the monitor ammeter limi-
tation of 33 amp. Tuner efficiencies of 80 to 90% were measured from 2 to 9
MHz, while 50%1 or greater efficiencies were measured from 10 to 30 MHz.
The efficiencies were measured on a Univac load that sinaulated the H-F
compact antenna impedance from 2 to 30 MHz.

The efficiency as defined here is the ratio of the measured input average
Pn avg

power to the measured output average power (tp'!:g)" The input power

was measured on a M. C. Jones micromatch model MM-252 coupler indicator
unit. For the output power measurement, a simulated H-F antenna load con-
sisting of a 5-in. diameter coil with 13 turns was employed. The final 6 turns
were shorted with an ammeter and 50-ohm resistor in series to ground. Hence,

the measured A2 R values provided an approximate value of the average output
power.

The procurement and acceptance of this item are complete, and it will be
delivered during the coming interval.

The Collins tunable filter to be utilized in the retransmission mode is stillon order and delivery is scheduled during the coming period. f
Conclusion

All work on the exploratory model antennas has been completed. The coupling
element chosen ior the H-F compact antenna is a 2-turn grounded loop.

A flight rated design of the H-F compact antenna Is now in progress. This
rill entail design support from the mechanical, aerodynamic, structural, and

dynamic engineers. One test antenna vwil initially be fabricated and subjected
to several environments as part of the qualification testing program. Any
changes in design required for these tests will be incorporated In fabrication
of the first two flight test antennas. A complete flight test program has been
outlined for testing of the H-F compact antermas. After completion of these
tests, the changes, if any are required, will be incorporated into the final
delivered quantity.

10
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1/5-scale -.-turn loop mounted across fuselage, location No.
on 1/5-scale Caribou
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